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Description 

Background of the Invention 

[Field of the Invention] 

This invention relates to an ultrasonic vibration sol- 
dering apparatus for dipping a workpiece in solder by 
applying ultrasonic vibration to a solder solution heated 
and molten in a solder tank 



Fig. 1 7 is attached to the solder tank at a position below 
the surface of the solder in such a manner that it pene- 
trates the wall of the solder tank, the solder molten 
inside the solder tank flows out to the outside through 
5 the slots 1-1 Ob, 1 -10c, 1-1 Odor 1-1 Oe because the slots 
1 -1 0b, 1 -1 0c, 1 -1 Od or 1 -1 Oe communicate with both the 
inside and outside of the solder tank. Therefore, this 
constitution can be hardly employed. 

10 Summary of t he Invention 



[Description of the Prior Art] 

There is known ultrasonic soldering that a work- 
piece is dipped in solder by applying ultrasonic vibration 75 
to solder heated and molten in a solder tank without 
coating a portion to be soldered of the workpiece with a 
flux. 

in such ultrasonic soldering, an attempt is being 
made to apply ultrasonic vibration to the workpiece from 20 
an ultrasonic horn through the solder optimally by 
attaching the ultrasonic horn, a part for applying ultra- 
sonic vforation to the solder, to the solder tank at a posi- 
tion below the surface of the solder in such a manner 
that it penetrates the wall of the solder tank and arrang- 25 
ing the ultrasonic horn and the workpiece dipped in the 
molten solder to face each other. As the soldered area 
of the workpiece facing the ultrasonic horn expands, the 
ultrasonic vibration application area of the ultrasonic 
horn increases. Therefore, the vibration amplitude in the 30 
ultrasonic vibration application area becomes weaker 
and weaker as the distance of the transducer attached 
to the ultrasonic horn from the area increases and the 
solder is liable to be adhered to the workpiece to a non- 
uniform thickness. 35 

As shown in Fig. 1 7, it has been known that the 
vibration amplitude state is improved by forming slots 1 - 
10b, 1-10c, 1-10d and 1-10d in the horn main body 1- 
10a of an ultrasonic horn 1-10 used for bonding other 
than soldering and other processing making use of 4C 
ultrasonic vibration. Fig. 17a is a plan view of the ultra- 
sonic horn 1-10 which has a threaded hole 1-10f for 
connecting an unshown transducer or booster in the 
center of one end surface of the horn main body 1-10a 
and a plurality of slots 1-10b at an equal distance from 45 
the threaded hole 1-1 Of and on both right and left sides 
of the threaded hole 1-1 Of. Figs. 17b to 17d are sec- 
tional views of variations of the slots, wherein Fig. 17b 
shows that a slot 1-10c is provided through the horn 
main body 1-10a, Fig. 17c shows that slots 1-10d are so 
counter bored from the front and rear sides of the horn 
main body 1-10a and closed at an intermediate portion 
corresponding to the threaded hole 1-10f, and Fig. 17d 
shows that a slot 1-1 Oe is counter bored from the rear 
side of the horn main body 1 -10a and closed at the front 55 
side of the horn main body 1 -10a. 

When the ultrasonic horn 1-10 having the above 
common slots MOb, M0c, 1-10d or 1-10e shown in 



It is therefore an object of the present invention to 
provide an ultrasonic vibration soldering apparatus 
which prevents the solder from leaking from the solder 
tank to the outside and is capable of improving the 
vibration amplitude state. 

According to a first aspect of the invention, there is 
provided an ultrasonic vibration soldering apparatus in 
which a support portion is provided in a horn main body 
at a nodal point where the vibration amplitude is mini- 
mum and is installed in a solder tank. Since the support 
portion is not applied with vibration so much, it can be 
prevented from being damaged or broken through long- 
time use. 

According to a second aspect of the invention, 
there is provided an ultrasonic vibration soldering appa- 
ratus in which the support portion is formed of a plate 
material which projects in a direction perpendicular to 
the front and rear directions of the horn main body from 
the outer peripheral surface of the horn main body. 
Since the horn main body can be installed in the solder 
tank by means of the plate material, it can be easily 
installed. 

According to a third aspect of the invention, there is 
provided an ultrasonic vibration soldering apparatus in 
which the support portion is formed around the outer 
peripheral surface of the horn main body at the nodal 
point. Since the horn main body can be held from there- 
around, holding power can be increased. 

According to a fourth aspect of the invention, there 
is provided an ultrasonic vibration soldering apparatus 
in which the horn main body and the support portion are 
integrated with each other as a single unit. Since the 
support portion cannot be disconnected from the horn 
main body, reliability can be improved. 

According to a fifth aspect of the invention, there is 
provided an ultrasonic vibration soldering apparatus in 
which slots are formed in the front and rear portions of 
the horn main body with the support portion interposed 
therebetween. Since the slots are separated from one 
another, a solder solution is prevented from leaking to 
the outside through the slots. 

According to a sixth aspect of the invention, there is 
provided an ultrasonic vibration soldering apparatus in 
which two interconnected boosters are interposed 
between the horn main body and a transducer. There- 
fore, ultrasonic vibration can be transmitted to the horn 
main body efficiently. 
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According to a seventh aspect of the invention, 
there is provided an ultrasonic vibration soldering appa- 
ratus in which a booster close to the horn main body is 
formed like a rod and a booster close to the transducer 
is formed of a fin booster having a plurality of fins on the 5 
outer peripheral surface thereof. Therefore, heat radia- 
tion properties can be improved. 

According to an eighth aspect of the invention, 
there is provided an ultrasonic vibration soldering appa- 
ratus in which the fins are provided in a longitudinal 10 
direction of the fin booster. Therefore, heat radiation 
properties can be improved more efficiently. 

According to a ninth aspect of the invention, there is 
provided an ultrasonic vibration soldering apparatus in 
which a support portion projecting outward is provided 75 
on the outer peripheral surface of a resonator at a nodal 
point, a receiving portion having a receiving surface 
formed on a stepped portion formal by the difference of 
diameter between a hole extending through the solder 
tank and larger than the outer diameter of a front naff 20 
portion before the support portion of the resonator and 
a hole larger in diameter than the hole and into which 
the support portion of the resonator can be inserted is 
formed in the solder tank, and pressing members for 
holding the support portion of the resonator whose front 25 
half portion is inserted into the hole of the receiving por- 
tion without contact with the receiving surface of the 
receiving portion are fastened to the receiving portion. 
Therefore, the horn main body can be secured with the 
solder tank. 3C 

The above and other objectives, features and 
advantages of the invention will become more apparent 
from the following description when taken in conjunction 
with the accompanying drawings. 

35 

Brief Description of the Drawings 

Fig. 1 is a perspective view of a first embodiment of 
the present invention; 

Fig. 2 is a perspective view of the first embodiment 40 
of the present invention in which an ultrasonic horn 
is attached to a solder tank; 
Fig. 3 is a sectional view taken on line A-A of Rg. 2; 
Fig. 4 is a plan view of a second embodiment of the 
present invention; 45 
Fig. 5 is a plan view of a third embodiment of the 
present invention; 

Fig. 6 shows a fourth embodiment of the present 
invention, wherein Fig. A is a sectional view and 
Fig. B is a plan view; 

Fig. 7 is a sectional view taken on line A-A of Fig. 8 
showing a fifth embodiment of the present inven- 
tion; 

Fig. 8 is a perspective view of the fifth embodiment 
of the present invention; 

Fig. 9 is an exploded perspective view of key parts 
of the fifth embodiment of the present invention; 
Fig. 10 is a diagram showing the relationship 



among the resonator, transducer and ultrasonic 
vibration waveform of the fifth embodiment of the 
present invention; 

Fig. 1 1 is a sectional view taken on line B-B of Fig. 
12 showing a sixth embodiment of the present 
invention; 

Fig. 12 is a perspective view of the sixth embodi- 
ment of the present invention; 
Fig. 13 is a sectional view of a seventh embodiment 
of the present invention; 

Fig. 14 is a diagram showing the relationship 
among the resonator, transducer and ultrasonic 
vibration waveform of an eighth embodiment of the 
present invention; 

Fig. 15 is a diagram of a fin booster according to a 
ninth embodiment of the present invention; 
Fig. 16 is a diagram of another fin booster accord- 
ing the ninth embodiment of the present invention; 
and 

Fig. 1 7 shows an ultrasonic horn having slots of the 
prior art, wherein Fig. A is a plan view and Figs. B 
to D are sectional views taken on line A-A of Fig. A. 

Detailed Description of the Preferred Emhnriimpntc 

Frgs. 1 to 3 show a first embodiment of the present 
invention. Firstly, in Fig. 1, an ultrasonic horn 1-1 has a 
tetragonal horn main body Ma formed rectangular or 
square and made from an alloy such as titanium alloy. In 
this embodiment, in the horn main body Ma depicted 
to be long sidways, a transverse direction L shown by a 
one-dot chain line is specif ied as the transmission direc- 
tion of ultrasonic vibration and has a length equal to 1/2 
the wavelength of a resonance frequency from the max- 
imum vibration amplitude point f 1 to the next maximum 
vibration amplitude point f3. A connection threaded hole 
1 -1b is formed in the center of one end surface out of a 
pair of opposite end surfaces of the horn main body 1- 
1a in the transverse direction L A support portion 1-1 c 
formed of a plate material for attachment is installed 
around the horn main body 1-1 a at the minimum vibra- 
tion amplitude point f2 (nodal point) between the two 
maximum vibration amplitude points f 1 and f3 in such as 
manner that it projects outward in the form of a rectan- 
gular ring. Since the support portion 1-1c projects in a 
direction perpendicular to the front and rear directions 
of the horn main body 1-1 a, a plurality of slots 1 -id and 
Me formed in the front and rear portions of the horn 
main body Ma with the support portion 1 -1c interposed 
therebetween. Reference letter A in Fig. 1 indicates the 
center interval between the inner slots Md and Md 
near the threaded hole Mb and the center interval 
between inner slots Me and Me near the threaded 
hole M b, B indicates the width of the horn main body 1 - 
la in a longitudinal direction, C the interval between the 
slots Md and Me and the end surface of the horn 
main body Ma in a transverse direction, E the width of 
each of the slots Md and Me, D the interval between 
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the adjacent slots 1-1d and 1-1e in the longitudinal 
direction of the horn main body 1-1a and the interval 
between the outer slots 1 -1 d and 1 -1 e and the end sur- 
face of the horn main body 1-1 a in a longitudinal direc- 
tion, and F the interval between the support portion 1 - 1 c 
and the end surface of the horn main body 1 -1a in a lon- 
gitudinal direction. In the above constitution, the support 
portion 1 -1c and the horn main body 1 -1 a are integrated 
with each other as a single unit. 

In Figs. 2 and 3, to install the ultrasonic horn 1-1 in 
a solder tank 1-3, a transducer 1-2 which is an electro- 
acoustic or electro-vibration transducer famed of a pie- 
zoelectric element or magnetostrictive element for con- 
verting into mechanical energy electric energy for 
generating and outputting vertical ultrasonic vibration 
having a predetermined frequency with power supplied 
from an unshown ultrasonic generator is connected to 
the ultrasonic horn 1-1 with the threaded hole Mb 
formed in the ultrasonic horn 1-1, an unshown threaded 
hole formed in the transducer 1-2 and unshown head- 
less screws to be screwed into the threaded hole Mb 
and the unshown threaded hole. 

For a soldering operation, a square through hole 1- 
3a which is larger than a front half portion of the horn 
main body 1 -1a and smaller than the outer diameter of 
the support portion 1 -1c is formed in the solder tank 1 -3 
at a position below the surface 1-4a of solder 1-4. A 
square recess portion 1 -3b is formed in the exterior side 
of the solder tank 1-3 around the through hole 1-3a. A 
sealing member 1 -5 which is formed substantially the 
same square as the recess portion 1-3b and is made 
from an anti-solder material to which the solder is hardly 
adhered is fitted in the recess portion 1 -3b, or the seal- 
ing member 1-5 is installed along the support portion 1- 
1c around the front half potion of the horn main body 1 - 
1a and then the front half portion of the horn main body 
1-1a is inserted into the through holes 1-3a from the 
outside of the solder tank 1-3 in such a manner that it 
projects into the inside of the solder tank 1 -3. 

Meanwhile, a bracket 1-6 for fixing the ultrasonic 
horn 1-1 to the solder tank 1-3 is formed rectangular 
and has a through hole 1-6a having the same shape as 
the through hole 1-3a of the solder tank 1-3 and a 
recess portion 1-6b having the same shape as the 
recess portions 1-3b of the solder tank 1-3. A sealing 
member 1-7 made from the same material and having 
the same shape as the sealing member 1-5 is fitted in 
the recess portion 1 -3b of the bracket 1 -6, or the sealing 
member 1-7 is installed along the support portion Mc 
around the rear half portion of the horn main body Ma 
anc then bolts 1-8 are screwed into a plurality of 
threaded holes 1-3c formed around the recess portion 
1 -3b of the solder tank 1 -3 through a plurality of through 
holes 1-6c formed in the bracket 1-6. Thereby, the sup- 
port portion Mc prevents the leakage of the solder 
between the solder tank 1-3 and the bracket 1-6 by 
means of the sealing members 1-5 and 1-7 and the 
ultrasonic horn 1-1 connected to the transducer 1-2 is 



attached to the solder tank 1 -3 in such a manner that it 
penetrates the wall of the solder tank 1 -3. 

According to the constitution of this embodiment, 
after the ultrasonic horn 1-1 is attached to the solder 

5 tank 1 -3, the solder 1 -4 is poured into the solder tank 1 - 
3, an unshown heater provided in the solder tank 1-3 is 
activated to generate heat to melt the solder 1-4 in the 
solder tank 1-3, and then an unshown pump provided in 
the solder tank 1 -3 is driven to cause the solder 1-4 to 

10 circulate in the solder tank 1 -3. The circulating solder 1 - 
4 covers the front half portion of the ultrasonic horn 1 -1 
projecting into the inside of the solder tank 1-3, the 
unshown workpiece is dipped in the solder 1-4 and 
arranged to face the ultrasonic horn 1-1, and the ultra- 

75 sonic horn 1-1 is caused to resonate with ultrasonic 
vibration by supplying power to the transducer 1 -2 so as 
to apply the solder 1-4 to the workpiece. 

For this soldering operation, since a partition wall 1 - 
1f located between the slots Md and Me in the front 

20 and rear half portions of the ultrasonic horn 1 -1 with the 
support portion Mc interposed therebetween is 
present at a position corresponding to the support por- 
tion 1-1 c, even when the ultrasonic horn 1-1 is attached 
to the solder tank 1 -3 at a position below the surface 1 - 

25 4a of the solder 1 -4 in such a manner that it penetrates 
the wall of the solder tank 1 -3, the slots M d on the side 
where the molten solder 1 -4 is present are isolated from 
the outside of the solder tank 1 -3 by the partition wall 1 - 
1f and the slots 1 -1e on the side where the solder is not 

30 present are isolated from the inside of the solder tank 1 - 
3 by the partition wall 1 -1f. Thereby, such inconvenience 
can be eliminated that the solder 1-4 molten in the sol- 
der tank 1-3 is flown to the outside through the slots 1- 
1d and 1-1e and the vibration amplitude state of the 

35 ultrasonic horn 1 -1 is improved by the slots 1 -1d and 1 - 
1e in the front and rear half portions of the ultrasonic 
horn M , thereby making it possible to apply the solder 
1 -4 to the workpiece to an uniform thickness. 

Fig. 4 shows a second embodiment of the present 

40 invention. Even when four slots Md and 1-1e in total 
are formed in the front and rear half portions of the horn 
main body Ma of the ultrasonic horn M with the sup- 
port portion 1-1 c interposed therebetween in such a 
manner that they are disposed in right and left rows with 

45 the threaded hole 1-1 b as the center, the same function 
and effect are obtained though they depend on the 
width in a horizontal direction of the horn main body 1- 
1a. 

Fig. 5 shows a third embodiment of the present 
so invention. If the length G in a vibration transmission 
direction of the inner slots 1d-1 and 1e-1 near the 
threaded hole Mb and the length H in the vibration 
transmission direction of the outer slots 1d-2 and 1e-2 
far from the threaded hole Mb are made different, the 
55 vibration amplitude of the ultrasonic horn 1-1 can be 
adjusted such that the workpiece can be easily bonded 
according to the shape and size thereof. In this embod- 
iment, G is made smaller than H. 
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Fig. 6 shows a fourth embodiment of the present 
invention. When the slots 1-1d and 1-1d are formed in 
the front and rear half portions below the support por- 
tion 1 -1c and the partition wall 1-1f is made thin, the 
slots 1-1 d and Me are operated as if they were not 5 
separated from one another, thereby making it possible 
to further improve the vibration amplitude state of the 
ultrasonic horn 1-1. 

Reference letter W in Figs. 1, 4 and 5 indicates a 
waveform showing the instantaneous displacement 10 
(vibration amplitude) of ultrasonic vibration caused by 
the resonance of the ultrasonic horn 1-1 and S indicates 
the reference line (zero line) of vibration amplitude. 

Reference letter X in Figs. 1, 3, 4 and 5 indicates 
the vibration direction of the ultrasonic horn 1 -1 . 15 

In the above embodiments, the case where the 
ultrasonic horn 1-1 is directly connected to the trans- 
ducer 1-2 has been described with reference to the 
accompanying drawings. Even when the ultrasonic horn 
1-1 is connected to the transducer 1-2 through a 20 
booster by coaxially interconnecting the ultrasonic horn 
1-1 and the booster with headless screws and threaded 
holes and connecting the transducer 1-2 to the booster 
with headless screws and threaded holes, which is not 
shown in the accompanying drawings, the same effect 25 
as that of the above embodiments is obtained. In this 
case, the number of boosters may be one or more. 

Figs. 7 and 8 show a fifth embodiment of the 
present invention. In these figures, a solder tank 1 is 
formed like a bathtub having an open upper portion for 30 
injecting molten solder 2, and a circulation passage 4 is 
formed in the solder tank 1 by a partition member 3 
whose both ends are attached to the right and left walls 
1a and 1b of the solder tank 1 . A pump 6 and a heater 7 
located on the upstream side of the pump 6 are 35 
arranged in the circulation passage 4 between the lower 
partition wall 3a of the partition member 3 and the bot- 
tom wall 1c of the solder tank 1. The solder 2 poured 
into the solder tank 1 is molten by the heating operation 
of the heater 7 and the molten solder 2 is circulated by 40 
the pump 6 in directions indicated by arrows. 

In this embodiment, the solder 2 discharged by the 
pump 6 runs up in the circulation passage 4 between a 
front partition wall 3b and the front wall 1d of the solder 
tank 1 from the circulation passage 4 between the lower 45 
partition wall 3a and the bottom wall 1c of the solder 
tank 1, passes over an upper partition wall 3c, falls 
down along a rear partition wall 3d into the liquid surface 
of the solder 2 in the solder tank 1 , flows over a rear end 
portion of the lower partition wall 3a, returns to the cir- so 
culation passage 4 between the lower partition wall 3a 
and the bottom wall 1c of the solder tank 1 and is 
absorbed by the pump 6. 

A receiving portion 8 provided in a portion constitut- 
ing part of the circulation passage 4 at the front wall 1d ss 
of the solder tank 1 has a hole 8b extending from the 
front wall 1d to a projecting portion 8a projecting out- 
ward from the exterior surface of the front wall 1d, as 



shown in Fig. 9. The projecting portion 8a is formed 
separate from the solder tank 1 and is connected to the 
front wall 1d of the solder tank 1 by screws, welding or 
the like. The hole 8b has a rectangular section similar to 
and larger than the front half portion 14b located before 
the support portion 14a of a resonator 14 to be 
described later and communicates with the inside and 
outside of the solder tank 1 . In front of the hole 8b. a 
hole 8c larger than the hole 8b is formed stepwise and 
coaxial with the hole 8b and a step surface formed like 
a closed loop in a connection portion between the hole 
8c and the hole 8b serves as a receiving surface 8d for 
accepting the support portion 14a of the resonator 14. 
On the front end surface of the projecting portion 8a 
around the hole 8c, there are formed a plurality of 
threaded holes 8e disposed at equal intervals in a cir- 
cumferential direction. 

Sealing members 9 and 1 0 are formed from an anti- 
solder material to which molten solder 2 is hardly 
adhered, such as fluororesin or teflon and have sub- 
stantially the same closed loop shape as the receiving 
surface 8d. 

A pressing member 1 1 for holding the resonator 14 
in the solder tank 1 with the receiving portion 8 has a 
window 11a having a similar shape to and larger than 
the rear half portion 14c located after the support por- 
tion 14a of the resonator 14 in the center portion 
thereof. Around the window 1 1a on the rear surface, the 
pressing member 1 1 has a closed loop-shaped project- 
ing rib 1 1b which can be fitted into the hole 8c. Through 
holes 11c for accepting screws 12 are formed around 
the rib 1 1b of the pressing member 1 1 at positions cor- 
responding to the threaded holes 8e of the receiving 
portion 8. 

A transducer 13 is an electro-acoustic or electro- 
vibration transducer formed of a piezoelectric element 
or magnetostrictive element for converting into mechan- 
ical energy electric energy for generating and outputting 
vertical ultrasonic vibration having a predetermined fre- 
quency with power received from an unshown ultrasonic 
generator through an electric wire 13a. To the output 
end of the transducer 13 is coaxially connected the res- 
onator 14 with unshown threaded holes formed in the 
output end and the connection end of the resonator 14 
(the threaded hole formed in the resonator 14 is 
denoted by 14d in Fig. 9 and does not reach the front 
end surface of the resonator 1 4) and unshown screws to 
be screwed into these threaded holes, and the resona- 
tor 14 resonates with ultrasonic vibration transmitted 
from the transducer 13 and has a predetermined length 
to provide the maximum vibration amplitude points and 
the minimum vibration amplitude point (to be referred to 
as "nodal point" hereinafter). A recess portion 13b is 
formed in the outer peripheral surface of the output end 
of the transducer 13 so that the resonator 14 can be 
connected to the transducer 13 firmly or disconnected 
easily from the transducer 13 by inserting an unshown 
tool into this recess portion 13b when the resonator 14 
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is connected to the output end of the transducer 13 or 
disconnected from the output end of the transducer 13. 

In this embodiment, the resonator 14 is formed like 
a rod and made from an alloy such as a titanium alloy 
having good acoustic properties, and as shown in Fig 5 
10, is an ultrasonic horn itself which applies ultrasonic 
vibration to the molten solder 2. Further, when seen 
from the transducer 13, it is formed like a prism having 
a length equal to 1/2 the wavelength from the maximum 
vibration amplitude point f 1 to the next maximum vibra- 10 
tion amplitude point f3 through the nodal point f2. To the 
center portion of the end surface of the rear half portion 
14c of the resonator 14 is connected the output end of 
the transducer 13 and the resonator 14 has a closed 
loop-shaped support portion 14a which projects out- 15 
ward from the outer peripheral surface at the nodal point 
f2. 

To attach the resonator 14 to the solder tank 1 , the 
sealing member 10 and the pressing member 1 1 are fit- 
ted onto the rear half portion 14c of the resonator 14 20 
and the transducer 13 is connected to the resonator 14. 
The other sealing member 9 is fitted onto the front half 
portion 1 4b of the resonator 1 4 and the front half portion 
14b of the resonator 14 is inserted into the hole 8b 
through the hole 8c from the outside of the solder tank 1 25 
while the pump 6 and the heater 7 provided in the solder 
tank 1 are out of operation, preferably the solder is not 
contained in the solder tank 1 , so that the front end por- 
tion of the resonator 14 projects into the inside of the 
solder tank 1 . Thereafter, the window 1 1a of the press- 30 
ing member 1 1 is fitted onto the rear half portion 14c of 
the resonator 14, and the screws 12 are screwed into 
the threaded hole 8e of the receiving portion 8 through 
the through hole 11c of the pressing member 11, 
whereby the rib 1 1 b of the pressing member 1 1 presses 35 
the support portion 14a and the sealing members 9 and 
10 against the receiving surface 8d. As a reaction, the 
sealing members 9 and 10 are compressed by the rib 
11b, the receiving surface 8d and the support portion 
14a while they store restoring elasticity, and the support 40 
portion 14a is held by the receiving portion 8, the press- 
ing member 11, and the sealing members 9 and 10. 
Thus, the resonator 14 is fixed in the solder tank 1. 
When the pressing member 11 is to be fixed in the 
receiving portion 8, the front half portion 14b and the 45 
rear half portion 14c of the resonator 14 are arranged 
coaxial with the hole 8b and the hole 8c of the receiving 
portion 8 without contact and the screws 12 are fas- 
tened. 

Meanwhile, a workpiece support unit 1 5 has a base so 
15a extending forward from a top end of the rear wall 1 e 
of the solder tank 1 and a lever 15b whose one end is 
rotatably connected to the base 15a. A chuck arm 15d 
slidably fitted in a long hole 15c formed in a front end 
portion of the lever 1 5b has a length from a pair of front ss 
and rear stoppers I5e and 15f extending from the left 
wall 1 a to the right wall 1 b of the solder tank 1 to the cir- 
culation passage 4 between the front wall 1d and the 



partition member 3 through the space between the base 
15a and the front wall 1d of the solder tank 1 and a 
chuck portion 15g for holding a workpiece 16 in such a 
manner that it is hung therefrom as a part to be soldered 
is provided at the end of the chuck arm 15d. To an inter- 
mediate portion of the lever 15b is rotatably connected 
a piston rod 15j of an air cylinder 15i rotatably attached 
to a column 15h installed upright on the base 15a. 

When this air cylinder 15i contracts, the piston rod 
15j raises the lever 15b, the lever 15b turns up around a 
connection point 15k with the base 15a, the chuck arm 
15d slides in the long hole 15c and moves up, guided by 
the stoppers 15e and 15f, and the workpiece 16 held by 
the chuck portion 15g is pulled up from the molten sol- 
der 2 in the circulation passage 4 between the front wall 
1d and the partition member 3. When the air cylinder 15i 
expands while this workpiece 16 is pulled up, the piston 
rod 15j moves down the lever 15b, the lever 15b turns 
down around the connection point 15k, the chuck arm 
1 5d slides in the long hole 1 5c and moves down, guided 
by the stoppers 15e and 15f, and the workpiece 16 held 
by the chuck portion 15g is dipped in the molten solder 
2 in the circulation passage 4 between the front wall 1d 
and the partition member 3 while it is hung therefrom 
and arranged to face the front end surface of the reso- 
nator 14 with a predetermined distance therebetween. 

According to the constitution of the above embodi- 
ment, since the receiving portion 8 has the receiving 
surface 8d produced by the difference of diameter 
between the hole 8b on the side of the solder tank 1 and 
the hole 8c on the opposite side, when the front half por- 
tion 14b of the resonator 14 is inserted into the hole 8b 
through the hole 8c from the outside of the solder tank 
1 , the rib 1 1b of the pressing member 1 1 fitted onto the 
rear half portion 1 4c of the resonator 1 4 is fitted into the 
hole 8c, the resonator 14 is arranged such that it is not 
in contact with the hole 8b and the window 1 1a and the 
pressing member 1 1 is fastened to the receiving portion 
8 with the screws 12, the sealing members 9 and 10 are 
compressed by the rib 1 lb, the support portion 14a of 
the resonator 14 and the receiving surface 8d while they 
store restoring elasticity, the support portion 14a of the 
resonator 14 is held by the receiving portion 8 and the 
pressing member 1 1 fastened to the receiving portion 8. 
Thus, the resonator 14 can be properly fixed in the sol- 
der tank 1 . In this state, the resonator 14 is held in the 
solder tank 1 with the support portion 14a projecting 
outward at the nodal point f2, and the front half portion 
1 4b and the rear half portion 1 4c of the resonator 1 4 are 
attached to the solder tank 1 in such a manner that it is 
not in contact with the solder tank 1, the receiving por- 
tion 8 and the pressing member 11. Therefore, when 
vertical ultrasonic vibration is generated by suppling 
power to the transducer 13 to resonate the resonator 
14, the energy of the ultrasonic vibration can be effi- 
ciently transmitted to the front end surface of the reso- 
nator 14. 

Particularly, according to the constitution of this 
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embodiment, since the hole 8b and the hole 8c formed 
in the receiving portion 8 are coaxial with each other 
and the rib 1 1b of the pressing member 1 1 is formed to 
be fitted in the hole 8c of the receiving portion 8, when 
the rib 1 1b is inserted into the hole 8c and the pressing 
member 11 is slightly fastened by the screws 12, the 
resonator 1 4 is moved vertically or horizontally to form a 
closed loop-shaped space between the rear half portion 
14c of the resonator 14 and the window 11a of the 
pressing member 1 1 , whereby it can be conf irmed eas- 
ily that the front half portion 1 4b and the rear half portion 
14c of the resonator 14 are arranged in the solder tank 
1 in such a manner that it is not in contact with the sol- 
der tank 1 , the receiving portion 8 and the pressing 
member 1 1 . 

In addition, according to the constitution of this 
embodiment, since a plurality of threaded holes 8e of 
the receiving portion 8 and a plurality of through holes 
11c of the pressing member 1 1 are arranged at equal 
intervals, the fastening force of the pressing member 1 1 
to the support portion 14a of the resonator 14 can be 
made uniform by forming a substantially uniform space 
in a circumferential direction between a front end sur- 
face of the receiving portion 8 around the threaded 
holes 8e and a rear surface of the pressing member 1 1 
around the through holes 11c using a measuring tool 
such as a clearance gauge to fasten the screws 12, 
thereby making it possible to further reduce the energy 
loss of ultrasonic vibration applied to the solder 2 and 
the workpiece 16 from the resonator 14. 

On the other hand, in this embodiment, when the 
solder 2 is poured in the solder tank 1, the heater 7 is 
activated to generate heat to melt the solder 2 in the sol- 
der tank 1 , the pump 6 is driven to circulate the solder 2 
in the solder tank 1, the workpiece 16 is held by the 
chuck portion 15 stopped at the upper limit position of 
the workpiece support unit 15, the chuck portion 15 is 
moved down to dip the workpiece 16 in the solder 2 as 
shown in Fig. 7 and arrange the workpiece 16 to face 
the resonator 14, and the resonator 14 is caused to res- 
onate with vertical ultrasonic vibration by supplying 
power to the transducer 1 3, this vertical ultrasonic vibra- 
tion is applied to the workpiece 1 6 from the resonator 1 4 
through the solder 2, the molten solder 2 is properly 
adhered to portions to be soldered of the workpiece 16, 
and the chuck portion 1 5g of the workpiece support unit 
15 is moved up after the passage of a predetermined 
time to pull up the workpiece 1 6 from the solder 2. When 
the solder 2 adhered to the workpiece 2 is solidif ied, the 
workpiece 16 is removed from the chuck portion 15, 
thereby completing one cycle of applying the solder 2 to 
the workpiece 16. 

Figs. 11 and 12 show a sixth embodiment of the 
present invention. This embodiment is characterized by 
its structure suitable for such a soldering operation that 
a whole workpiece cannot be clipped in the molten sol- 
der 2, for instance, when the solder 2 is applied to a lead 
wire of an electronic or electric component, or when a 



lead wire of a packaged component is soldered to a 
conductor of a printed circuit board by the solder 2. In 
Figs. 11 and 12, a solder tank 20 is formed like a box for 
containing the molten solder 2 and has a working hole 
5 20b for taking in and out a workpiece 22 to be described 
later shown by a virtual line in Fig. 12 from the solder 
tank 20 in a top wall 20a and an inner cylinder 20d pro- 
jecting upward above the bottom wall 20c of the solder 
tank 20. The upper end of an inner cylinder 20d is 
10 located below and apart from the top wall 20a and 
encloses a plane larger than the working hole 20b. A 
partition wall 20e is provided in the inner cylinder 20 at 
a position below the upper end thereof. This partition 
wall 20e forms a working tank 20f having an open top for 
is containing a predetermined quantity of the molten sol- 
der 2 in an upper portion of the inner cylinder 20d. This 
working tank 20f has a pump 7 in the bottom and an 
absorption port 20g communicating with the inlet port of 
the pump 6. A storage chamber 20h for storing the res- 
20 onator 14 coaxially connected to the output end of the 
transducer 13 with unshown threaded holes and screws 
is formed in a lower portion of the solder tank 20 below 
the partition wall 20e of the working tank 20f. 

The receiving portion 8 in which the resonator 14 is 
25 fixed with the pressing member 1 1 is formed in the par- 
tition wall 20e. In other words, the sealing member 10 
and the pressing member 1 1 are fitted onto the rear half 
portion 1 4c of the resonator 1 4 and the transducer 1 3 is 
connected to the resonator 14 whereas the other seal- 
30 ing member 9 is fitted onto the front half portion 14b of 
the resonator 14. Thereafter, the front half portion 14b 
of the resonator 14 is inserted into the hole 8b through 
the hole 8c of the receiving portion 8 from the outside of 
the storage chamber 20h without contact while the sol- 
35 der 2 is not present in the working tank 20f of the solder 
tank 20 so that the top end portion of the resonator 14 
projects into the inside of the working tank 20f. Thereaf- 
ter, the window 1 1a of the pressing member 11 is fitted 
onto the rear half portion 14c of the resonator 14 without 
40 contact and the screws 12 are screwed into the 
threaded holes 8e of the receiving portion 8 through the 
through holes 1 1c to fix the pressing member 1 1 to the 
receiving portion 8, whereby the resonator 14 is 
attached to the solder tank 20 in such a manner that it is 
held by the receiving portion 8, the pressing member 1 1 
and the sealing members 9 and 10 which are com- 
pressed while they store restoring elasticity. 

Inside the solder tank 20, a circulation passage 21 
is formed by the peripheral wall 20i, the bottom wall 20c 
and the inner cylinder 20d of the solder tank 20. A 
heater 7 is arranged in the circulation passage 21 so 
that the solder 2 poured into the solder tank 20 is molten 
by the heating operation of the heater 7 and is circulated 
in directions shown by arrows, driven by the pump 6. In 
this embodiment, the solder 2 discharged by the pump 
6 passes through the absorption port 20g from the cir- 
culation passage 21 between the inner cylinder 20d and 
the bottom wail 20c of the solder tank 20 and gathers 
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inside the working tank 20f. The solder 2 overflowing 
from the working tank 20f enters the surface of the sol- 
der 2 in the solder tank 20 from the periphery of the 
upper end of the inner cylinder 20d, returns to the circu- 
lation passage 21 and is absorbed by the pump 6 from 5 
the absorption port 20g. 

According to the constitution of this embodiment, 
when the molten solder 2 circulates in directions shown 
by the arrows in Fig. 1 1 , the surface of the solder 2 goes 
up from the working tank 20f by surface tension and ic 
presents a mirror surface, and the resonator 14 is 
caused to resonate with vertical ultrasonic vibration by 
supplying power to the transducer 13, the solder 2 can 
be applied to a lead wire 22a of an electronic or electric 
component 22 shown by a virtual line in Fig. 1 1 , for is 
example, which is a part of the workpiece, by installing 
the workpiece in the solder tank 20 through the working 
hole 20b from above the solder tank 20, dipping the lead 
wire 22a of the electronic or electric component 22 in 
the solder 2 in the working tank 20f and arranging it to 20 
face the resonator 14. 

Not shown in this embodiment, it is possible to 
apply the solder 2 to the lead wire 22a of the electronic 
or electric component 22 by holding the electronic or 
electric component 22 with an unshown workpiece sup- 25 
port unit which is provided in the solder tank 20 or pro- 
vided separately from the solder tank 20. 

Fig. 1 3 shows a seventh embodiment of the present 
invention. In this figure, a solder tank 30 is formed like a 
bathtub having an open top for containing the molten 30 
solder 2 and has a heater 31, embedded in the bottom 
wall 30a thereof, for heating and melting the solder 2 
and a receiving portion 32 in the bottom wall 30a. The 
receiving portion 32 has a hole 32b extending from the 
the bottom wall 30a to a projecting portion 32a project- 35 
ing outward from the exterior side of the bottom wall 
30a. This hole 32b has a circular section similar to and 
larger than the front half portion 33b located before 
(upper side of Fig. 13) the support portion 33a of a res- 
onator 33 and communicates with the inside and out- 40 
side of the solder tank 30. A hole 32b having a female 
screw larger than the hole 32b is formed stepwise and 
coaxial with the hole 32b on the side of the projecting 
portion 32a of the hole 32b and a step surface formed 
like a closed loop in a connection portion between the 45 
hole 32c and the hole 32b serves as a receiving surface 
32d for accepting the support portion 33a of the resona- 
tor 33. A pressing member 34 for holding the resonator 
33 in the solder tank 30 with the receiving portion 32 
has a male screw to be screwed into the female screw so 
in the hole 32c on the outer peripheral surface thereof 
and a tool engagement portion 34a in which a male 
screw is not formed in the rear end portion of the outer 
peripheral surface. A window 34b having a circular sec- 
tion similar to and larger than the rear half portion 33c ss 
located after the support portion 33a of the resonator 33 
is formed in the center of the pressing member 34. Seal- 
ing members 35 and 36 are formed from a material to 



which the molten solder 2 is hardly adhered, such as 
fluororesin or teflon and has substantially the same 
closed loop shape as the receiving surface 32d. 

According to the constitution of this embodiment, 
the sealing members 35 and 36 are fitted onto the front 
half portion 33b and the rear half portion 33c of the res- 
onator 33, the front half portion 33b of the resonator 33 
is inserted into the hole 32b through the hole 32b from 
the outside of the solder tank 1 without contact while the 
solder 2 is not present in the solder tank 30, the top end 
portion of the resonator 30 is projected into the inside of 
the solder tank 1 , the window 34b of the pressing mem- 
ber 34 is fitted onto the rear half portion 33c of the res- 
onator 33, the pressing member 34 is fitted into the hole 
32c of the receiving portion 32 by engagement between 
the male screw and the female screw, a tool such as a 
spanner is inserted into the tool engagement portion 
34a of the pressing member 34, and the pressing mem- 
ber 34 is fastened and fixed to the receiving portion 32, 
whereby the support portion 33a of the resonator 33 is 
held by the receiving portion 32, the pressing member 
34 and the sealing members 35 and 36. Thus, the reso- 
nator 14 can be fixed in the solder tank 30. 

In this state, the solder 2 is poured into the solder 
tank 30, the heater 31 is activated to generate heat to 
melt the solder 2, the resonator 33 is caused to reso- 
nate with vertical ultrasonic vibration by supplying 
power to the unshown transducer connected coaxially 
to the rear half portion 33c of the resonator 33 with an 
unshown threaded hole and an unshown screw 
screwed into the hole, an unshown workpiece is dipped 
in the molten solder 2 from above the solder tank 30, 
whereby the solder 2 can be applied to the workpiece. 
Therefore, there can be provided an ultrasonic vibration 
soldering apparatus having a simple structure which is 
suitable for small-quantity production and does not cir- 
culate the solder 2. 

In the above fifth to seventh embodiments, since 
the sealing members 9, 10, 35 and 36 are arranged on 
both sides of the support portions 14a and 33a of the 
resonators 14 and 33. the solder 2 is prevented from 
leaking from the contact surface between the receiving 
portion 8 and the support portion 14a and the contact 
surface between the pressing member 1 1 and the sup- 
port portion 14a even when the solder 2 is moften at a 
high temperature of 230 to 300°C and the surface ten- 
sion of the solder 2 lowers. However, when the melting 
temperature of the solder 2 is low and the surface ten- 
sion is high, the solder 2 can be prevented from leaking 
from the contact surface between the receiving portion 
8 and the support portion 14a and the contact surface 
between the pressing member 1 1 and the support por- 
tion 14a even if the sealing members 9, 10, 35 and 36 
are omitted, though this depends on type and melting 
temperature of the solder 2. 

Fig. 14 shows an eighth embodiment of the present 
invention. In the figure, a resonator 40 equivalent to the 
resonators 14 and 33 of the first to third embodiments 
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comprises an ultrasonic horn 41 which is formed like a 
rod and made from an alloy such as titanium alloy, a rod- 
shaped booster 42 which is coaxially connected to one 
end of the ultrasonic horn 41 with an unshown threaded 
hole and an unshown screw and made from a material 5 
such as titanium, aluminum or hardened iron, and a rod- 
shaped fin booster 43 which is coaxially connected to 
one end of the booster 42 with an unshown threaded 
hole and an unshown screw and made from a material 
having high heat conductivity such as aluminum. To one w 
end of this fin booster 43 is coaxially connected the out- 
put end of a transducer 44 which is equivalent to the 
transducer 13 of the fifth to seventh embodiments with 
an unshown threaded hole and an unshown screw. 
When seen from this transducer 44, the fin booster 43 15 
has a length equal to 1/2 the wavelength from the max- 
imum vibration amplitude point f 1 1 to the next maximum 
vibration amplitude point f13 through a nodal point f12, 
the booster 42 has a length equal to 1/2 the wavelength 
from the maximum vibration amplitude point f13 to the 20 
next maximum vibration amplitude point f15 through a 
nodal point f14, and the ultrasonic horn 41 has a length 
equal to 1/2 the wavelength from the maximum vibration 
amplitude point f15 to the next maximum vibration 
amplitude point f 1 7 through a nodal point f 1 6. A closed 2 s 
loop-shaped support portion 41a is provided on the 
outer peripheral surface of the ultrasonic horn 41 at the 
nodal point f16. The output ends of the booster 42, the 
fin booster 43 and the transducer 44 have recess por- 
tions 42a, 42b, 43a, 43b and 44a for accepting an 30 
unshown tool for connection and disconnection in the 
outer peripheral surfaces thereof. The fin booster 43 is 
produced from an aluminum bar by cutting and has a 
plurality of grooves 43c in the outer peripheral surface 
thereof which are arranged at equal intervals in a cir- 35 
cumferential direction and formed to have good radia- 
tion properties. 

According to the constitution of this embodiment, 
when the support portion 41a of the ultrasonic horn 41 
of the resonator 40 is held by the receiving portion 8 or 40 
32 and the pressing member 11 or 34 and fixed in the 
solder tank 1 . 20 or 30 to carry out a soldering operation 
like the resonators 14 and 33 of the fifth to seventh 
embodiments, heat transmitted from the molten solder 2 
to the fin booster 43 through the ultrasonic horn 41 and as 
the booster 42 is radiated by the fin booster 43 which is 
made from a material having high radiation properties 
and hardly transmitted to the transducer 44, thereby 
making it possible to protect the transducer 44 from 
heat. so 

Since a plurality of fins are provided in a longitudi- 
nal direction of the fin booster 43 on the outer peripheral 
surface of the fin booster 43 and grooves 43c are 
formed between adjacent fins, the radiation area is 
large. Therefore, the radiation properties of the fin 55 
booster 43 can be further improved. 

Since the plurality of grooves 43c in the fin booster 
43 are arranged at equal intervals in a circumferential 



direction, the depths of the grooves 43c are made the 
same and the lengths of the grooves 43 are also made 
the same to locate the center of gravity of the fin booster 

43 at the center of the fin booster 43, whereby the fin 
booster 43 can transmit ultrasonic vibration from the 
transducer 44 to the booster 42 efficiently. 

Figs. 15 and 16 show fin boosters different from the 
above fin booster. The fin booster 43A shown in Fig. 15 
has a plurality of grooves 43d which are arranged at 
equal intervals in a circumferential direction, are the 
same in depth and are formed up to both ends of the fin 
booster 43A. The fin booster 43A has threaded holes 
43e and 43f having a predetermined depth in the center 
portions of both end surfaces thereof. The transducer 

44 is connected to the fin booster 43A with the threaded 
hole 43e as shown in Fig. 14, and the booster 42 or the 
ultrasonic horn 41 is connected to the fin booster 43A 
with the other threaded hole 43f. 

The fin booster 43B shown in Fig. 16 has a plurality 
of grooves 43g which are the same in depth and 
arranged at equal intervals in a circumferential direction 
and the grooves 43g are larger in number and formed 
deeper than those of the fin booster 43A shown in Fig. 
15 to further improve heat radiation properties. Both 
end surfaces of the fin booster 43B have respective pro- 
jecting portions 43h and 43i having an outer peripheral 
surface in contact with the semi-circular bottom portion 
of each groove 43g, and threaded holes 43j and 43k 
similar to the threaded holes 43e and 43f shown in Fig. 
15 are formed in the end surfaces of the projecting por- 
tions 43h and 43i, respectively. 

The features disclosed in the foregoing description, 
in the claims and/or in the accompanying drawings may, 
both separately and in any combination thereof, be 
material for realising the invention in diverse forms 
thereof. 

Claims 

1. An ultrasonic vibration soldering apparatus com- 
prising a horn main body whose front portion lies 
below the surface of solder contained in a solder 
tank, whose rear portion is exposed outside from 
the solder tank and which is supplied with ultrasonic 
vibration from a transducer, wherein 

a support portion is provided in the horn 
main body at a nodal point where the vibration 
amplitude is minimum and installed in the solder 
tank. 

2. The ultrasonic vibration soldering apparatus of 
claim 1, wherein the support portion is formed of a 
plate material which projects from the outer periph- 
eral surface of the horn main body in a direction 
perpendicular to the front and rear directions of the 
horn main body. 

3. The ultrasonic vibration soldering apparatus of 
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claim 1, wherein the support portion is formed 
around the horn main body at the nodal point. 

4. The ultrasonic vibration soldering apparatus of 
claim 1 , wherein the horn main body and the sup- 5 
port portion are integrated with each other as a sin- 
gle unit. 

5. The ultrasonic vibration soldering apparatus of 
claim 1 , wherein slots are formed in the front and 10 
rear portions of the horn main body with the support 
portion interposed therebetween. 

6. The ultrasonic vibration soldering apparatus of 
claim 1 , wherein two interconnected boosters are is 
interposed between the horn main body and the 
transducer. 

7. The ultrasonic vibration soldering apparatus of 
claim 6, wherein one booster dose to the horn main 20 
body is formed like a rod and the other booster 
close to the transducer is formed of a fin booster 
having a plurality of fins on the outer peripheral sur- 
face thereof. 

25 

8. The ultrasonic vibration soldering apparatus of 
claim 7, wherein the fins are arranged in a longitu- 
dinal direction of the fin booster. 

9. An ultrasonic vibration soldering apparatus for dip- 30 
ping a workpiece in solder by applying ultrasonic 
vibration to the solder heated to be molten in a sol- 
der tank by means of a resonator connected to an 
output end of a transducer for generating vertical 
ultrasonic vibration having a predetermined fre- 35 
quency, wherein a support portion projecting out- 
ward is provided on the outer peripheral surface of 
the resonator at a nodal point, a receiving portion 
having a receiving surface formed on a stepped 
portion formed by the difference of diameter 40 
between a hole extending through the solder tank 
and larger than the outer diameter of a front half 
portion before the support portion of the resonator 
and a hole larger in diameter than the hole and into 
which the support portion of the resonator can be 45 
inserted is formed in the solder tank, and pressing 
members for holding the support portion of the res- 
onator whose front half portion is inserted into the 
hole of the receiving portion without contact with 
the receiving surface of the receiving portion are sc 
fastened to the receiving portion. 
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